We present a detailed photometric study of the low-temperature contact binary V781 Tau, and the near-contact binary V836 Cyg. We have combined the parameters obtained from the light-curve analysis with those found by the spectral studies and we have determined the orbital and physical parameters of the stars. We have collected the times of the mid-eclipses obtained so far and combined with the times obtained in this study. By analysing all these data we determined the mass transfer rate from the massive star to the less massive one for V781 Tau, and from the less massive component to the massive one in the case of V836 Cyg. Finally, we have compared the results obtained for V781 Tau and for V836 Cyg with similar systems.
I N T RO D U C T I O N
V781 Tau (P = 0.34 d, G0V) is a W-type low-temperature contact binary (LTCB) system. The variability of V781 Tau was discovered by Harris (1979) and has since been observed a few times. The first photometric light curves were obtained by Cereda et al. (1988) . Spectroscopic observations were made by Lu (1993) and Zwitter et al. (2003) . The radial-velocity (RV) solution of Zwitter et al. was combined by them with the Hipparcos light curve and they gave the basic parameters as M c = 1.150(27) M , M h = 0.510(6) M , R c = 1.111(7) R , R h = 0.759(7) R . The rate of period change of V781 Tau was studied by Liu & Yang (2000) and Donato et al. (2003) .
The eclipsing binary system V836 Cygni (P = 0.65 d, A0V) was first observed by Strohmeier, Kippenhahn & Geyer (1956) . In the same year Schmidt (1956) obtained the photographic light curve of the system and classified it as an Algol-type binary. The first photoelectric observations of the system were made by Deinzer & Geyer (1959) . Wester (1977) obtained B and V light curves of the system. Later, Breinhorst & Duerbeck (1982) made a comparison between the light curves which were obtained during 1971, 1976 and 1980 at Kitt Peak and Hoher List observations, and showed a brightness deficiency on the ascending branch of the secondary minimum. Breinhorst, Kallrath & Kämper (1989) found that the system is detached and they concluded that V836 Cygni has lost a significant fraction of its orbital angular momentum during its evolution. E-mail: kadri@ster.kuleuven.ac.be They also suggested that the star falls in a group of short-period non-contact close binary systems showing EB-type light curves. Duerbeck & Schumann (1982) and f (m) = 0.050 from the RV solution.
O B S E RVAT I O N S

V781 Tauri
The observations in the Johnson B, V and R bands of V781 Tau were carried out on 2001 November 26, December 14, and 2002 January 28, October 28, with the 30-cm Schmidt-Cassegrain telescope of Ege University Observatory (EUO). On 2002 October 28, the system was observed only for times of minimum light. We collected BVR photometry using the SSP-5 type photometer including a Hamamatsu R4457 detector. An integration time of 10 s was used for each measurement in each filter. The comparison star also used by Cereda et al. (1988) was HD 38980; the constancy of the brightness for this star was already assured by Cereda et al. (1988) and they obtained the brightness and B-V colour of HD 38980 as 7.14 and 0.44 mag, respectively. Using the given B-V magnitudes for the comparison star, our observations give the system's B-V values at maximum as 0.58 mag. The differential observations, in the sense variable minus comparison, were corrected for atmospheric extinction using the extinction coefficients obtained for each night from the brightness variation of the comparison star by using the ATMEX Table 1 . BVR measurements of V781 Tau (Fig. 1a) . Table 1 . The differential B, V and R magnitudes were plotted against the orbital phase and are shown in Fig. 1(a) . Five times of light minima were obtained using the method of Kwee & van Woerden (1956) . The times of minima are averages of the BVR passbands. These times of minima are listed in Table 2 together with the previously obtained timings.
V836 Cygni
We used the same set-up as for V781 Tau, besides TÜBİTAK National Observatory's (TUG) 40-cm Cassegrain telescope. The system was observed on 10 nights during 2001 July, August and September and on two nights in 2002 August. The comparison and check stars were HD 202768 and BD + 35
• 4460, respectively. The extinction coefficients were obtained for each night using the brightness variation of the comparison star, and the differential magnitudes were corrected for differential atmospheric extinction by using the computer program ATMEX. We initially assumed the ephemeris given by Yakut et al. (2003) . The standard deviations for each differential observation are estimated to be 0.03, 0.02 and 0.02 mag for the U, B and V bands, respectively. A total of 579 observations in U, 520 in B and 572 in V were obtained. For convenience of future investigators, we publish all these observations in Table 3 .
The differential magnitudes plotted versus the orbital phase for each band are shown in Fig. 1(b) .
ANA LY S I S O F T H E O -C C U RV E
V781 Tau
Times of light minimum of V781 Tau were collected from several publications up to date and are listed in Table 2 . The first quadratic ephemeris was derived by Liu & Yang (2000) , and superseded by Donato et al. (2003) :
Pri.Min. = HJD 244 3853.9110 + 0.344909292(3)
The (O-C) I residuals indicate the differences between the observed times of eclipses and those calculated. Assuming that the photoelectric (pe) observations are much more accurate than those of photographic (pg) observations we assign weight 1 to the pg and 10 to the pe times of minimum. A weighted least-squares solution Cereda et al. (1988); 3, Pohl et al. (1987); 4, Wunder et al. (1992) ; 5, Liu & Yang (2000); 6, this paper; 7, Nelson (2003) ; 8, Donato et al. (2003); 9, Tanrıverdi et al. (2003) ; 10, Selam et al. (2003) . Table 3 . UBV measurements of V836 Cyg (Fig. 1b) . The phases were calculated using the ephemeris given by Yakut et al. (2003) . 1, 2 and 3 denote U, B and V filters (F), respectively. The full version of this table is available in Synergy, the on-line version of Monthly Notices. 
Equation (2), which is obtained with additional data (pe+pg) and different weighting schemes, is consistent with equation (1). In Figs 2(a) and (b) the quadratic fits are compared with the O-C residuals. The period decrease resulting from equation (2) is dP/dt = −5.32 × 10 −8 d yr −1 , or P/Ṗ = −6.5 × 10 6 yr. Such a period change is usually attributed to mass transfer. If the period decrease is indeed caused by mass transfer, we can use the following equation in order to estimate mass transfer between the components:
From equation (3) the mass transfer rate of dM/dt = −5.3 × 10 −8 M yr is found. Because the mass transfer occurs from the secondary (i.e. cooler, more massive) component to the primary, the secondary component should shrink with time. Besides, any mass loss from L 2 will affect the orbital period change of the system (see Zwitter et al. 2003) .
V836 Cyg
The O-C analysis of the system was made by Breinhorst & Duerbeck (1982) . They concluded that the O-C curve can be represented by two terms: first, a sinusoidal variation, which is the result of a third component, and secondly, a parabolic variation due to mass transfer between the components. In their study, they found a period increase with the approximation of a parabolic shape of variation. Furthermore, the times of minimum light obtained up to 1981 were given by the same authors. Published times of minima up to now were collected from the literature and are given in Table 4 . Only photoelectric times were used and these residuals for all the times of minimum light of V836 Cyg are plotted versus epoch numbers in Fig. 2(c) .
The O-C values show a parabolic-shaped curve. Such a change of the O-C deviations may indicate the occurrence of mass transfer in the system. The upward parabola demonstrates that the mass transfer occurs from the less massive component (the secondary, for V836 Cyg) to the more massive. In order to obtain the parameters T 0 , P and Q, we used a weighted least-squares solution. The iterations were continued until the best fit was reached. In Fig. 2(c) , we plot O-C residuals obtained only from the photoelectric times of minimum light versus epoch, i.e. cycle number. The analysis yielded quadratic ephemeris:
According to the values obtained, we found the period increase dP/dt = 7.9 × 10 −8 d yr −1 , and P/Ṗ = 8.2 × 10 6 yr. Because this analysis is based on much more data, the results obtained in this study are much more accurate than the results obtained previously by Breinhorst & Duerbeck (1982 assume that the system does not lose matter during the evolution, is dM/dt = 4.9 × 10 −8 M yr −1 . The (O-C) II residuals indicate a sine-like change (Fig. 2d ) with a period of nearly 29 yr and with an amplitude of 7 min. However, this small amplitude change will have to be confirmed with future observations. (Wilson & Devinney 1971; Wilson 1994; Wilson & Van Hamme 2004) was employed for our light-curve analysis. Mode 3, which assumes both of the components filled their Roche lobes, was used. The following values were adopted for the light-curve analysis: the temperature of the primary component was set at T 1 = 6150 K according to the system's colour we obtained from our observations and equation (3) of Zwitter et al. (2003) , and the mass ratio according to the spectroscopic study of Zwitter et al. The albedos were taken from Rucinski (1969) , the limb darkening coefficients from Claret (2000) and the values of the gravity darkening coefficients from Lucy (1967) . The adjustable parameters are the inclination i, the temperature of the secondary component T 2 , the luminosity L 1 (L 1B , L 1V , L 1R ), the surface potential , and the phase shift φ 0 .
L I G H T-C U RV E
The light curve was solved in B, V and R bandpasses simultaneously. The differential correction (DC) code was run until the corrections to the input parameters were lower than their errors. The results and the adopted values are given in Table 5 . The light curves computed using the parameters given in Table 5 are shown by the solid lines in Fig. 1(a) and compared with all the observations. The LC program was used to create the synthetic light curves. The filling factor, f = 0.29, is the expression ( in − )/( in − out ) and varies from zero to unity from the inner to the outer critical surface.
V836 Cyg
Cester (1963) and Harris (1968) used the Russell-Merrill method and Wester (1977) solved the light curve with the Wood and Hutchings-Hill method. Breinhorst et al. (1989) used the WD code to solve the data taken from Duerbeck & Breinhorst (1984) . They also analysed uvby light curves of the system. Zhukov & Markova (1993) analysed their light curve and found that the system is almost semidetached.
Mode 5 in the DC code was used for the light-curve analysis. This mode solves the light curves of semidetached eclipsing binaries such as V836 Cyg, where the secondary (cooler) component fills its corresponding Roche lobe while the primary (hotter) is well detached. Because of the non-existence of a spectroscopic mass ratio for the system in the literature, we tried to find the photometric mass ratio by using the light curve obtained with the V filter. The minimum (O-C) 2 of the analysis was obtained at the mass ratio value of 0.3.
After yielding the approximate value of the mass ratio, observed light curves in U, B and V filters were analysed in mode 5 optimization of the DC code for obtaining the final parameters. The following values were adopted for light-curve analysis: T 1 = 9790 K, the mean temperature of the primary component, taken from Drilling & Landolt (2000) , the values of the gravity darkening coefficients g 1 (von Zeipel 1924) and g 2 (Lucy 1967) , the values of the albedos A 1 and A 2 (Rucinski 1969) , and the limb darkening coefficients x 1 and x 2 (Claret 2000) . Values of these parameters are given in Table 5 . Table 4 . Times of the primary (I) and secondary (II) minima in JD * h (JD h 240 0000) for V836 Cyg. References are as follows: 1, Deinzer & Geyer (1959); 2, Cester (1963); 3, Fürtig (1963); 4, Harris (1968) ; 5, Kızılırmak & Pohl (1969); 6, Popovici (1968); 7, Pohl & Kızılırmak (1970); 8, Popovici (1970); 9, Breinhorst & Duerbeck (1982) ; 10, Kızılırmak & Pohl (1974); 11, Brancewicz & Kreiner (1976); 12, Wester (1977) ; 13, Diethelm (1979); 14, Patkos (1980); 15, Derman et al. (1982); 16, Bozkurt (1982); 17, Bozkurt (1991); 18, Zhukov & Markova (1993); 19, Wolf & Diethelm (1992) ; 20, Hegedüs et al. (1996) ; 21, Bíró et al. (1998); 22, Yakut et al. (2003); 23, Dvorak (2003) ; 24, Demircan et al. (2003) ; 25, Bakış et al. (2003); 26, Zejda (2004 a Recalculated by Breinhorst & Duerbeck (1982) .
The adjustable parameters are the inclination i, the temperature of the secondary component T 2 , the surface potential of the components 1 , 2 , the luminosity L 1 (L 1U , L 1B , L 1V ), the mass ratio of the components q and the phase shift (φ). The results are given in Table 5 . The light curves computed using the parameters given in Table 5 are shown by the solid lines in Fig. 1(b) and compared with all the observations.
BA S I C P H Y S I C A L P RO P E RT I E S O F T H E S Y S T E M S
V781 Tau
The new B and V light curves of the system analysed by the latest version of WD code, along with the radial-velocity study made recently by Zwitter et al. (2003) , give the orbital parameters as i = 66.
• 80, a = 2.4478 R , q = 2.278. Because in their study they do not give K h , K c , a sin i and M h,c sin 3 i, we use their orbital parameters and the Kepler equation to derive K h = 229.4 and K c = 100.7 km s −1 . Combining these values with the orbital period of the system and the inclination of the orbit with respect to the plane of the sky, which we derived by the light-curve analysis, we can derive the absolute parameters of the system listed in Table 6 . For solar values, we have taken T eff = 5780 K and M bol = 4.75 mag.
V836 Cyg
By using the parameters derived from the present photometric study and the spectroscopic elements given by Duerbeck & Schumann (1982) , we computed the absolute parameters of the system and these are presented in Table 6 . The mass of the primary is taken from Popper (1980) . The light-curve analysis indicates that the system is semidetached. The less massive secondary component fills its Roche lobe and transfers mass on to the primary from its inner Lagrangian point. In addition, the O-C curve of the system shows an upward parabolic shape, which agrees with the result obtained from the light-curve analysis, meaning that the less massive component is indeed transferring mass to the other component.
S U M M A RY A N D C O N C L U S I O N S
In this study, we have redone the O-C and light-curve analyses of the W-type LTCB system V781 Tau and the NCB system V836 Cyg, and we have derived their orbital and physical parameters. It seems that there is good agreement with the derived physical parameters of V781 Tau and V836 Cyg and other LTCBs and NCBs.
The spectroscopic study of V781 Tau comes from Zwitter et al. (2003) , who combined their spectral data with the Hipparcos light curve and derived the parameters. We have determined the physical parameters of the system with the simultaneous solution of our ground-based three colour light curves (BVR) with the spectroscopic study of Zwitter et al. (2003) . Although the radial velocities we use in the present investigation and those of Zwitter et al. are the same, because of the differences between the light curves, small differences between the physical parameters occurred. Calculated physical parameters of V781 Tau have been presented with their errors in Table 6 . We have collected and analysed all the times of minima for V781 Tau. The plot of (O-C) versus epoch gives a downward parabola. This property can be explained as mass transfer from the massive component of V781 Tau to the less massive component. As a result we have found the quadratic term of equation (5). From equation (5) we can say that the period of the system decreases by about 5.3 × 10 −8 d y −1 , which may be produced by a mass transfer rate of about 3 × 10 18 gr per second. 4.37 (5) The remaining residuals after the parabolic fit to the (O-C) II curve of V836 Cyg seem cyclic-shaped and this may be taken as a signature either of magnetic activity on the surface of one of the components (the secondary component probably) or of the third-light effect. We also tried to approximate the (O-C) II variation with a periodic curve; however, it does not give good agreement with the observational points. Future observations, especially those which we will carry out in the next five years, may bring to light the real behaviour of the curve. The primary is an A0V star which is well detached from its corresponding Roche lobe. We assumed that the G-type secondary is a main-sequence star at the beginning of our analysis, but the values we obtained gave the fact that the secondary component is overluminous for its temperature according to its MK classification (see Fig. 3 ). Some distortions at about the 0.1 phase in the light curve, especially in the B and V filters, can be seen. Such distortion may be the result of looking at the hot region which is produced by the matter flowing from the secondary component to the primary at this phase. V836 Cyg is an extreme system within the group of 'short-period non-contact close binary systems showing EB-type light curves', as Breinhorst et al. (1989) suggested. This group contains secondaries which have the same character as the secondary (i.e. less massive) components of A-type W UMa systems. We can consider the possibility that the system is very near to contact and might reasonably be called 'pre-contact'.
In the study of Yakut & Eggleton (2005, hereafter YE05 ) on close binary systems, the stars whose physical parameters are well known are collected. They plotted M-R, M-T , R-T and M-L relations and the Hertzsprung-Russell (HR) diagram of these related objects. The physical parameters given in this study (Table 6 ) are in good agreement with the systems given in YE05 (and also with the diagrams given by Hilditch, King & McFarlane 1988) . Fig. 3 shows the HR diagram of W-subtype LTCBs and NCBs in which the components of V781 Tau and V836 Cyg are shown. The location of V781 Tau is consistent with other W-type LTCBs. The location of the less massive component of V781 Tau seems to be overluminous and oversized like other secondary stars. The companion seems to be below the zero-age main sequence (ZAMS) and the massive component relays at about the terminal-age main sequence (TAMS). The primary component of V836 Cyg is just above the ZAMS and the secondary is above the TAMS. In the evolution of the close binaries, there exist strong evolution connections between the detached closed binaries (DCBs), NCBs and LTCBs (see YE05 for details). In order to study the evolution of the close binaries, the parameters of V781 Tau and V836 Cyg will be a good example of well-defined parameters.
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